P reterm birth is difficult to predict and prevent. Although the long-term health outcomes for preterm infants have improved over time, extremely preterm birth has continued to be an issue in terms of optimal antenatal and postnatal management, [1] [2] [3] [4] [5] resource allocation and costs, 6 quality of care, 7 and long-term health outcomes. 8, 9 Given these uncertainties, and compounded by changes in reproductive epidemiology, 10, 11 it is important to evaluate international variations and time trends for the management and outcomes of extremely preterm birth.
To create a more equal and evidence-based health care system, new laws, regulations, and recommendations on extremely preterm births have been issued in Sweden. Civil registration of all stillbirths at 22-27 weeks' gestational age became mandatory 12 in 2008 to ensure the existence of vital statistics for all extremely preterm births (not only live born) and to strengthen the legal status of the extremely preterm patient. New regulations on withholding or withdrawing advanced life support for patients were issued in 2011 by Socialstyrelsen (the Swedish national board of health and welfare), 13 focusing on the needs for informed consent and improved documentation. The Swedish national board of health and welfare recommended centralization of care for all extremely preterm births at university hospitals in 2014. 14 The first national consensus guideline on perinatal management was issued in 2016 by the Swedish society of perinatal medicine 15 and provided specific recommendations on centralization of care, antenatal corticosteroid treatment, mode of delivery, a neonatologist attending at the birth, and resuscitation of infants delivered at 22, 23 and 24 weeks' gestational age. The significance of these new recommendations and guidelines, as well as knowledge on short-and long-term outcomes among extremely preterm infants, is not known in Sweden. The aim of this study was to compare perinatal practice and survival rates of extremely preterm infants born in [2004] [2005] [2006] [2007] with those born in 2014-2016.
Methods
This study was approved by the Swedish regional ethical review board in Lund during the first study period and by the ethical review board in Stockholm during the second study period. During the first study period, oral informed consent from the parents or caregivers was obtained. During the second study period, all parents were informed (a waiver for consent was granted by the ethical review board) that perinatal data was to be recorded in the Swedish pregnancy and neonatal quality registries, with the possibility to opt out at any time. Data collection on the inhabitants of Sweden (including civil registration of births and deaths) was mandatory during both study periods to the national population registries that are kept by Statistiska centralbyrån (statistics Sweden), the Socialstyrelsen (Swedish national board of health and welfare), and Skatteverket (the Swedish tax agency).
Participants
During the first study period, the mother-infant dyads participated in the Extremely Preterm Infants in Sweden Study (EXPRESS). 16, 17 The first EXPRESS study was a national, population-based prospective cohort study including all births at 22-26 weeks' gestational age occurring in Sweden between April 1, 2004, and March 31, 2007 . Infants born outside Sweden and transferred to Sweden for neonatal care were excluded (total of 3 infants for both study periods). Termination of pregnancy after gestational week 21 plus 6 days was not permitted unless malformations incompatible with postnatal life (eg, acrania) were diagnosed. Such conditions were considered exclusion criteria a priori.
Using the same criteria as in EXPRESS, all births in Sweden at 22-26 weeks' gestational age were included in EXPRESS 2 during a second 3-year period between January 1, 2014, and December 31, 2016. The study plan appears in the Supplement. Descriptive information also was collected on liveborn infants who were younger than 22 weeks' gestational age.
Data Sources
During 2004-2007, all obstetric and pediatric departments participated in prospective data collection. At that time, records with missing or obviously erroneous information were returned to the regional study coordinators for completeness or correction (there were 3 coordinators for each region representing obstetrics, neonatology, and ophthalmology). If there were missing data, the coordinators made personal contact and tracking attempts until they concluded the data were unobtainable. Two of the researchers performed internal data control at site visits to all 7 regional centers and found satisfactory agreement between 20 randomly selected medical records per site and the database information. To ensure accuracy, all variables regarding mortality and major morbidity in the database were cross-checked against the original information in the medical records and against the Swedish medical birth registry (SMBR; a national population registry).
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Information on the total number of births in Sweden was obtained from the SMBR during both 2004-2007 and 2014-2016 . The number of stillbirths was prospectively collected during 2004-2007, whereas this information was retrieved from the SMBR during 2014-2016. The Swedish neonatal quality (SNQ) registry was used as the main data source for live-born infants during 2014-2016. The SNQ registry collects data on the outcomes for all live-born infants and on neonatal care (including admissions within 28 days after birth). Data were collected on a daily basis from electronic medical records or entered at the time of death or discharge. Data obtained from the SNQ registry for any major neonatal morbidity were validated against medical records for 96% of infants. Diagnoses of retinopathy of prematurity were provided by the Swedish national registry for retinopathy of prematurity. 19 The majority of data on the number of live-born infants during 2014-2016 was collected from the SNQ registry. However, because of limited completeness in the SNQ registry, number of births at 22 weeks' gestational age were obtained from the SMBR. Information on deaths occurring after hospital discharge but before the age of 1 year was obtained from the Swedish cause of death registry because deaths after hospital discharge were not recorded in the SMBR or in the SNQ registry.
Exposures and Covariates
The main exposure during both studies was delivery at 22-26 weeks' gestational age. Gestational age was recorded in completed weeks and days, and a majority (95% in 2004-2007 and 97% in 2014-2016) of infants during both study periods had gestational age determined by routine antenatal ultrasonography early during the second trimester, or by date of embryo transfer if in vitro fertilization was performed. For the remaining pregnancies, gestational age was based on the date of the last menstrual period, clinical maturity rating, or the dating method was unspecified. Information was collected regarding the presence of preeclampsia, preterm prelabor rupture of membranes, abruption of the placenta or placenta previa, chorioamnionitis, multiple pregnancy, Apgar score of less than 4 measured at 1 and 5 minutes after birth, birth weight, infant sex, small for gestational age (defined as infants with a birth weight >2 SDs below the sex-specific expected weight), and selected perinatal interventions.
Infants with congenital anomalies were included. The following were not classified as anomalies during either study period: luxations of the hip (International Statistical Classification of Diseases and Related Health Problems, Tenth Revision [ICD-10] codes Q65.0-Q65.5), balanic hypospadias (ICD-10 code Q54.0), and patent ductus arteriosus (ICD-10 code Q25.0).
Outcomes
The prespecified primary outcome was survival among live-born infants to the age of 1 year. The secondary outcome was infant survival among live-born infants to the age of 1 year and without any major neonatal morbidity (specifically, without intraventricular hemorrhage grade 3-4, 20 cystic periventricular leukomalacia, 21 necrotizing enterocolitis, 22 retinopathy of prematurity stage [3] [4] [5] 23 or severe bronchopulmonary dysplasia [defined as treatment with ≥30% oxygen at 36 weeks' postmenstrual age]). The other outcomes were stillbirth (defined as without any vital signs at birth), live birth (defined as any breathing, any other movements, or any other signs of life at birth), delivery room death, survival to 1 year among hospital-admitted infants, the number and proportions of infants treated surgically for necrotizing enterocolitis, 7, 24 the number and proportions of infants treated with a laser for retinopathy of prematurity, 25 and any bronchopulmonary dysplasia (defined as treatment with any level of oxygen at 36 weeks' postmenstrual age). 16 End points for active obstetric management included use of any antenatal corticosteroids, cesarean delivery, and delivery in a hospital with a level III neonatal intensive care unit (NICU). The standard protocol for antenatal corticosteroids used during both study periods was 1 course consisting of two 12-mg injections of betamethasone given 12 to 24 hours apart. Rescue or repeat doses were not recommended.
Neonatal activity end points included the neonatologist attending at the birth, intubation at the birth, surfactant administration less than 2 hours after the birth, admission to the NICU, and postnatal transport to a level III NICU when born at another center. The protocols used for data collection and the definitions used for the exposures and the outcomes during the first study period 16 also were used during the second study period. Both EXPRESS and EXPRESS 2 were observational in design and no attempts were made to standardize management in the study protocols.
Completeness, Validity, and Missing Data
Using unique personal identification numbers for crosslinkage of EXPRESS data with those of national population registries (the SMBR and the cause of death registry), completeness of data for infants born alive during the first study period was estimated to be greater than 98% at all weeks of gestational age (22-26 weeks).
Completeness of data during the second study period was determined as a ratio with the numerator defined as the number of live-born infants registered in the SNQ registry. The denominator was defined as the numerator plus the remaining number of live-born infants exclusively registered in the SMBR, in the inpatient registry, or in the cause of death registry (all national population registries) during the study period. Completeness of the SNQ registry data during 2014-2016 (as validated against the 3 national population registries: SMBR, inpatient registry, and cause of death registry) was 99% for infants born alive at 24-26 weeks' gestational age, 92% at 23 weeks' gestational age, and 70% at 22 weeks' gestational age. Conversely, completeness of the data from the national population registries validated against the SNQ registry was 95% at 24-26 weeks' gestational age, 96% at 23 weeks' gestational age, and 99% at 22 weeks' gestational age.
Given the prospective data collection and cross-linkage of reported mortality in the cause of death registry, information on 1-year survival was considered as complete and comparable during both study periods. Among infant survivors, there were no missing data on periventricular leukomalacia and necrotizing enterocolitis (any or surgical). There were missing data for 0.3% cases of intraventricular hemorrhage grade 3-4, 1.7% for retinopathy of prematurity stage 3-5, 2.0% for laser-treated retinopathy of prematurity, 3.4% for any bronchopulmonary dysplasia, and 4.8% for severe bronchopulmonary dysplasia. Imputation of missing data was not performed because the study was descriptive (not analytical) by design.
Statistical Methods
The numbers and proportions (%), means (95% CIs), and median (range) values were stratified by weeks of gestational age for both study periods. The 2-tailed Fisher exact test was used to compare rates and proportions between the study periods. Overall survival was determined using Kaplan-Meier survival analysis. Differences (95% CIs) were calculated as rates and proportions for the 2004-2007 cohort minus the rates and proportions for the 2014-2016 cohort.
P<.05 was considered statistically significant. Because of the potential for type I error due to multiple comparisons, findings for additional analyses beyond the predefined primary and secondary end points should be interpreted as exploratory. Interactive statistical pages (http://statpages.info/ctab2x2) and Excel 2013 version (Microsoft) were used for the calculations.
Results
The total number of all births in Sweden was 305 Table 2 ).
Management of Perinatal Care
The proportion of live-born infants at 22-26 weeks' gestational age who were exposed to antenatal steroids did not differ significantly between 2004-2007 and 2014-2016 . The proportion of live-born infants who were cesarean deliveries, delivered in a university hospital with a level III NICU, intubated at birth, and admitted to the NICU were significantly lower during 2004-2007 than during 2014-2016.
The proportion of deliveries with an attending neonatologist did not differ significantly between the study periods. However, the proportion of infants born outside university hospitals and transported to a level III NICU after birth (Table 3 and Table 4 ). Distributions did not differ significantly between the study periods for multiple pregnancies, sex, small for gestational age, and Apgar score less than 4 at 1 minute after birth. The proportion of live-born infants with Apgar scores less than 4 at 5 minutes after birth was significantly higher Table 4 ).
Perinatal Characteristics
Live Births Before 22 Weeks' Gestational Age Births before 22 weeks' gestational age were not included in the civil registrations. During 2004-2007, 2 live-born infants were reported with a gestational age of 21 weeks. Both were admitted for care but died within hours. During 2014-2016, 9 infants were reported to the SNQ registry as live-born infants at 21 weeks' gestational age, all of whom were dated by antenatal ultrasound. All except 2 (twins delivered at home who were both alive at hospital arrival) were delivered at the same hospital (2 at 21 weeks' gestational age plus 5 days and 5 infants at 21 weeks' gestational age plus 6 days). The birth weights varied between 349 and 500 g. All 9 infants were resuscitated and admitted to the NICU. Two survived to the age of 1 year and 7 died after 3 to 12 days in the NICU. The findings may be the result of Swedish recommendations for more active management of perinatal care that were issued between the study periods.
The hospital discharge survival rate among live-born infants at 22-26 weeks' gestational age was 51% in the United In parallel, rates of stillbirths increased. 29 The present study showed a survival rate of 77% among all live-born infants at .56
Abbreviation: NICU, neonatal intensive care unit.
a Data for live-born infants at 25 or 26 weeks' gestational age appear in Table 4 .
b Data for 22 infants identified in the Swedish medical birth registry but who were dead before admission were excluded from the data presented in the majority of rows. f Some birth weights were missing because infants were not weighed until after birth.
g Data for the 22 infants were included in this row (identified in the Swedish medical birth registry but who were dead before admission). . c A score of 10 represents the best possible condition.
d Some birth weights were missing because infants were not weighed until after birth.
e Data for 22 infants identified in the Swedish medical birth registry but who were dead before admission were included in the denominator.
22-26 weeks' gestational age in 2014-2016, and the stillbirth rate was found to be significantly lower than the rate reported in the rest of Europe.
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Systematic survival among infants at 22 weeks' gestational age has not been restricted to Swedish hospitals. For example, the Japanese Neonatal Network (including tertiary centers only) reported a survival rate of 36% among live-born infants at 22 weeks' gestational age during 2003-2005. 31 Researchers at the University of Iowa Hospitals and Clinics reported a survival rate of 33% among infants born without any major congenital anomalies at 22 weeks' gestational age during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] 32 and the University of Cologne (in Germany) reported a survival rate of 67% to hospital discharge among infants born at 22-23 weeks' gestational age receiving active care (instead of only comfort care) during 2010-2014. 33 At 24 US hospitals, the survival rate was 23% among infants born at 22 weeks' gestational age if active care was offered. 1 A study of US tertiary centers reported a survival rate of 28% at 22 weeks' gestation when infants were resuscitated, which increased to 38% in the subgroup that also received antenatal corticosteroids.
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Recommendations on the management of extremely preterm births vary and international consensus is lacking. Most guidelines still advocate comfort care at 22 weeks' gestational age and active care at 25 weeks' gestational age, whereas there is a wide variation in recommendations regarding deliveries at 23 and 24 weeks' gestational age. 2 The diversity in the recommendations is likely to contribute to variability in survival rates. However, even among infants admitted with the intention to treat, survival rates can vary markedly.
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The perinatal interventions studied herein should primarily be looked upon as markers of active management. Some of them (eg, antenatal corticosteroids and centralization of care) rest on a solid base of evidence, 7 whereas others (eg, cesarean delivery and intubation at birth) were chosen to capture the intention to treat among physicians rather than as markers of evidence-based care. Among live-born infants, a larger proportion of survivors was free of major neonatal morbidities during 2014-2016 than during 2004-2007 with necrotizing enterocolitis as the 1 important exception. Diagnosing necrotizing enterocolitis can be difficult and the rates reported in EXPRESS 16, 17 were recently described as overestimated when validated against medical records and radiographic images. 24 Even if this validation had some limitations because it was performed 10 years after the end of the study by 1 resident and 1 neonatologist but no radiologist, it indicated a potential problem comparing necrotizing enterocolitis rates during the study periods. The percentage of verified cases of necrotizing enterocolitis during the first study period was 80% among those who had been surgically treated. To increase comparability of necrotizing enterocolitis data between the study periods, a comparison limited to surgical rates for necrotizing enterocolitis was added that demonstrated no statistically significant difference between study periods. The most important strength of this study was the national, population-based design and the inclusion of stillbirths and live-born infants. Ultrasonographic dating of gestational age was used in 95% to 97% of pregnancies. To avoid a biased comparison of infant survival and morbidity, the study was designed with equivalent definitions of end points and cross-linkage of data between different sources of information that ensured high data completeness and high validity for survival during both study periods.
Information on neonatal morbidity was validated against medical records. Survival (both total survival and survival without any major neonatal morbidity) up to the age of 1 year could be provided by each gestational week. For both periods, reports on the use of perinatal interventions provided valuable information on the willingness of obstetricians and neonatologists to actively intervene. The proportion of missing data was low during both study periods. Both cohorts fulfilled international recommendations on reporting outcomes for extremely preterm births.
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Limitations
This study has several limitations. First, although data collection was prospective, EXPRESS 2 had a retrospective design. Second, stillbirths occurring before admission to the hospital could not be differentiated from those occurring intrapartum during the second study period, and fetal losses before 22 weeks' gestational age were not accounted for during either study period.
Third, information on the causes of fetal and infant deaths was lacking. During the second study period, there was no information on pregnancy complications for women delivering stillborn infants. Fourth, this was an observational study and it cannot be excluded that the association between study period and infant survival resulted from other risk factors than changes in active perinatal care, and unmeasured or unknown confounding may have occurred.
Fifth, single families may have opted-out from registration in the SNQ registry. The SNQ registry was not allowed to independently register these families. However, data collection to the national population registries on the number of births and survival was mandatory, excluding opt-outs from being a limitation for data completeness and survival.
Sixth, some sample sizes were small, especially in the youngest gestational age group for the earlier cohort. Seventh, long-term outcome data for infant survivors is still lacking for the second study period. EXPRESS suggested that active obstetric and neonatal care management could reduce stillbirth and infant mortality without increasing later neurodevelopmental disability. 5 Nevertheless, 34%
of the survivors showed moderate to severe disability at the age of 6 years. 37 Recent research indicates that effects on a child's neurodevelopment associated with very preterm birth could persist up to adulthood, 38 and that no improvement in this relationship has been observed during the last 1 or 2 decades.
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Background
Preterm birth is still a major cause of death worldwide. However, significant improvements in perinatal care in developed countries mean that preterm birth is no longer a fatal pregnancy complication. In fact, a steadily growing number of infants nowadays survive also after extremely short gestations. This development has contributed to an emerging interest in reducing short term complications and promoting long-term health in childhood and adult survivors of preterm birth.
In 2004, the extremely preterm infants in Sweden study (EXPRESS) started. The main objectives were to determine perinatal mortality and morbidity by each gestational week, identify perinatal risk factors for adverse outcome and to evaluate long-term health in infants born before 27 weeks of gestation. So far the EXPRESS-study has generated a large number of publications (the full publication list is given as attachment 12 in the ethics application) demonstrating a) high survival 
Main hypotheses
1. rates of extremely preterm births has increased, partly driven by larger proportions of pregnant women with advanced maternal age, with overweight or obesity and with pregnancies resulting from assisted reproduction (all significant risk factors for extremely preterm birth).
2. the perinatal management has become significantly more proactive in pregnancies with the shortest durations (gestational weeks 22-24).
3. the survival rates for extremely preterm infants have increased without parallell increases in severe neonatal morbidity or long-term disability.
Primary objectives
1. to determine delivery, stillbirth and liveborn rates for each gestational week Exclusion criteria Women delivering extremely preterm not residing in Sweden, and extremely preterm infants born outside Sweden during the study period.
Data extracts/registries
In contrast to EXPRESS1 in which data collection was performed using individual, paper protocols for each participating infant, EXPRESS2 will be based on population-based registries who have reached national coverage since the former study period.
We will use the Swedish Neonatal Quality (SNQ) registry and the Medical Birth Registry (MBR)
to identify the participants. The causes of death registry will also be used for mortality outcomes.
Patient IDs will be used for cross-links.
Main outcomes
Delivery rates, infant (perinatal and neonatal) mortality, severe neonatal morbidity (defined as intraventricular hemorrhage grade 3-4, cystic periventricular leucomalacia, necrotizing enterocolitis, bronchopulmonary dysplasia or retinopathy of prematurity grades 3-5) and moderate to severe disability at 2 and 5-years of age (somatic and neurodevelopmental or psychological outcomes at 2 and 5 years-of-age as per national protocols, please see appendix in ethics application). 
Exposures/risk factors and co-variates
Statistical analysis plan for primary objectives 1 and 2
Associations between gestational age and various dichotomized variables will be analyzed using simple linear logistic regression. Overall survival will be determined by standard Kaplan-Meier survival analysis. Dichotomized risk factors for infant death will be evaluated using simple logistic regression analyses or, when specified, multiple logistic linear regression analyses adjusting for gestational age (entered as a continuous variable). The effect of selected perinatal interventions will analyzed in a multivariate model as specified. Goodness of fit will be evaluated with Hosmer-Lemeshow test. All will be 2-sided; P values of less than .05 will be considered statistically significant.
Time plan
Ethics application spring-summer 2016
Data acquisition and cleaning autumn-winter 2016
Writing and publishing of mortality paper 2017
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